NRL Memorandum Report 5260

. O Magnetic Bubble Formation Produced by an

— Expanding Laser Plasma

- O 1

g o S. T. KACENJAR, B. H. RIPIN, J. A. STAMPER, f

g J. GRUN, AND E. A, MCLEAN i

E -

3 Laser Plasma Branch ;

; =T, Plasma Physics Division ;

s a }

3 3

3 4
f February 28, 1984

"'1

k

4

]

!

This research was sponsored by the Defense Nuclear Agency under Subtask 125BMXIO, §

work unit 00024 and work unit title "Early Time Plasma.” g

i

* 2= ELECTE

S MAR 2 3 1984 _

v Lo ' "

= '4%3 . i

NAVAL RESEARCH LABORATORY ‘ :

§ Washingten, D.C. 4 3

!

Approved for public r*! ¢, distribution unlimited. '

g4 03 22 /3

U S el e, Ry b TR “ ’




= T

SECURITY CLASSIFICATION OF THIS PAGE
_

REPORT DOCUMENTATION PAGE

1a AEPORT SECUAMITY CLASSISICATION 1. RERTAICTIVE MAAKINGS
UNCLASSIFIED
2a SECUAITY CLASEIFICATION AUTHOMRITY 1. OISTRIGUTION/AVAILARILITY OFf AEPOAT
4. ORCLASEIAICATION/OOWNTAADING SCHRDLLE Approved for public release; distribution unlimited.
4 PEMEQOAMING GRGANIZATION AEFPOAT NUMSERS) 8, MONITORING OAGANIZATION REPORT NUMBEAR(S!

NRL Memorandum Report 3260

P —
Sa NAME QF PERACAMING ORGANIZATION rl QFRICE SYMBOL 78 NAME QF MONITORING ORGANIZATION

(11 appiiaadie)
Naval Ressarch Laboratory

%e, AQONRSE (City, Siate und ZIP Code) 5. ADDMESS (City, Slate sad ZIP Codet
Washington, DC 20375

85 NAME OF BUNCING/SPOMNSONING . ONRICE SYMBOL 9. PROCUACMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (1f appliassia)
Defense Nuclear Agency
Su. AQORESE (Clty, Statw end ZIP Code} 10, SOUACE OF FLINDING NO_’.v
) PROGNAM PRACIRCT TASK WOAKR UNIT
Washington, DC 20306 SLIMENT NO. NO. -y o,

62716H 47-1608-0-4

T TITLE rinciuse Seourty Claas flestion]
(See page ii)

12, #EASONAL AUTHOR(S)
3.T. Kacenjar, B.H. Rioin, J.A, Stamper. J. Grun, and E.A. MeLean

: 13a TYPE OF REPONT 138, TIME COVERED 14. OATE OF AEPOAT ;Yr, Mo, Dey) 18, PAGR COUNT
Progress smoM ta February 28, 1984 27

P —— A — p—
6. SUMPLIMINTARY NOQTATION
This research wos sponsored by the Defense Nuclear Agency under Subtask I25BMXIO, work unit 00024

and work unit title ‘Early Time Plasma,”
‘ ?, CCSATI CODER 18 SUBJECT TERMS (Continue on reverss if neesmery end (denfify &y Siouit numbers
sigL0 gngue | 3US. 9\, Laser-generated plasms Magnetic fleld compression
Magnetic bubble

1 ANBTRACT (Contingg on wene (£ nedecwiry dnd idendlfy by bonk number)

3 A magnetic depleted bubble resulting from the expansion of a laser-generated debris plasma into a low
| density magnetized background plasma is ocbserved. A compressed magnetic field propagates slightly ahead
of the debris plasma and has a thickness on the order of 1 cm.

-~
1

\

\

70 OIETRIBUTION/AVAILABILITY OF ABRTRACT 21, ABBTMAGT SEGUAITY GLARBSIRICATION
UNCLABBIMER/UNLIMITEO O Sawa as meT. ( oTic usans O UNCLASSIFIED
220 NAME OF RESPUNSISLE INOIVIOUAL 2% TALEPHONE NUMSER 22¢. OF A ICE SYMEOL
(Inciude Ares Code) i
8. T. Kacenjar (202) 787-0279 Code 1730
DD FORM 1473, 83 APR €OITICN OF 1 JAN 73 S QBSOLETE.

SECURITY CLASSIFICATION QF THIS PAGE

L i el e S i




PRSIEE T

SECURITY CLASSIFICATION OF THIS PAGE
O ——————

11. TITLE

\ MAGNETIC BUBBLE FORMATION PRODUCED BY AN EXPANDING LASER PLASMA

o i it

s

SECURITY CLASSIFICATION OF THIS PAGE

Bl s S T e
e ¥

ERE ST PR Ve )
i T RS T e T




:—‘

S <« 24 B onm

CONTENTS
INTRODUCTION .. ittt ittt ettt nentsansnoanssunns 1
EXPERIMENTAL ARRANGEMENT AND CHECKOUT .......... Cea i 2
MAGNETIC FIELD MEASUREMENTS . ......civvuvvevnnnnans cer et 3
MAGNETIC FIELD VELOCITY AND SHELL THICKNESS MEASUREMENTS ...... 4
CONCLUSIONS &ttt iii it ittt aie s nnasanssniananaonnns 5
ACKNOWLEDGMENT ittt ittt tnreninasienun i iainsries 5
REFERENCES ......... e e e 15

— - s s e —————

Acoohg:;\nl‘;‘..v:f }'\'; B
TNTTY ernsd
DTLC Tav ]

Unan e |
D I I JUust il e Ve e

ELECTE e
MAR 2 31084 |

BYm o s e
Distribution/ .
|4 T

Avallabllity Codgg

e e .
" Avatl und/or
B lo %%°) |oter | Specind
LN (

S W
L A
Mot VT T T T TR T T A LT

[ NSRS TR SRR LRI S PR THER S R

R




MAGNETIC BUBBLE FORMATION PRODUCED BY AN
EXPANDING LASER PLASMA

I. Introduction

We observe the compression ¢f an externally applied magnetic field and
the creation of a magnetic bubble when a laser-generated plasma expands into a
low density magnetized background gas, Compression i3 possible when the
plasma conductivity is large encugh that convection of the field dominates

over the magnatic diffusion process,

A target is placed into a background magnetized low density gas as shown
in Figure l(a). When the target is irradiated with a short high intensity
laser pulse two plasmas ars formed: the laser target interaction generatass
radiatien which preionizes the hackground gas to form a stationary ambient
plasma, and the target debris creatas a rapidly expanding plasnma. As the
depris plasma expands, it may interact with the ambient aither through
collisional or collisionless processes. Under low density and high veloecity
conditions, collisiocnal coupling beccmes less important and collective affects
may dominate.'r2 Many of these collective processes are sgensitive two the
structure and magnitude of the local magnetic field.

The evolution of the structurs and magnitude of the magnetic field due to
a rapldly expanding plasma in an axternal fleld such as illustrated in Fig. lb
was described by Lonqmir33 using magnetic conservation of flux. The magnetic
field i3 swept away inside the bubble and confined within a small shell near
the expanding debris material. This medel was further developed by Wright
(1971) who defined the valid parameter space."’ Keskinen® extended the
analysis of including a piecewise spatially constant collisional term into a
one dimenasional model. Althovgh, one-dimensional models predict
unrealistically high field compressions comparead to two cor three dimensicnal
models, the diffusion term (i.e., the presence of colligions) is more easily
treated in one dimension. The model is further simplified by ignoring the
various processeas which nay alter the effective r~ollision frequency, thus
reducing the magnetic Reynold's number; an example of such a process is the

magnetized ion-ion instability.1'2 Therefore, we experimentally measure the

Manuscript approved November 7, 1983,




field compreassion to better understand the physics associated with this
dynamically changing situation.

This paper addresses our initial experimental findings of the structure
and evolution of the magnetic field. Only slight field compressions have buen
obgerved with shell thicknesses cn the order of 1 em. Data is also presented
which show that the magnetic shell expands with, or slightly ahead of the
target debris plasma.

II. Experimental Arrangement and Checkout

Varicus diagnoatics were used in this study, includin; charge collrctors,
an optical framing camera, spectrometer, and magnetic induction probes.

The NRL Pharcs II Nd-glass laser (A = 1,05 ym) was used to generate the
debris plasma by irradiating l.l mg/cm2 planar carbon targaets. Incident lager
enargy on target ranged between 5 and 30 joules with a FWHM pulselength of ~ ¢
nsec and irradiances up to 1014 W/cmz. The focusing lens was cof an aspheric
£/6 lens with a focal length of 1.2 meters. Gas was introduced into the
experimental chambar with a controlled orifice which was programmed tc
maintain a given ambiant preagure. In this study the pressurs was variaed
between 10~¢ torr and 100 mtorr.

Shots were taken both with and without an 800 gauss magnet in place. The
field orlentation was parallel toc the target surface and largely perpendicular
to the expanding debris plasma. The targets ware mounted to allow a magnatic

expansion length of about 4 cm.

Two induction probes wore uged to measurs the field compression. Both
probes were 1.0 £ .1l om from the laser axis and situated 1.5 # .1 and 3.0 & .1
cm from the target, The probes consisted of a single 500 um diametar loop
sncapsulated in a quartz envelopa as shown in Figure 2.

The magnetic probes work by using Lenz's Law in which a changing magnetic
flux acrosas the probe induces a current in the loop. The proper operation of
the probes wera checked by rotating the loop by 180° and noting the reversal
of the signal (electrostatic pickup by the loop would not change polarity by

such a rotation.)




Examples of the observed dB/dt signals are shown in Figure 3; the two
probes were corisented antiparallel to each other. A clear signal reversal was
seen 1indicating that the probes were operating properly. Moreover, an
additional c¢heck was made by rotating the probes by 180° and obgerving the

signals change sign.
The induced voltage resulting from the changing magn:tic field across the
probe i3 given by

vie) ma, 2, ()

where A i3 the projected area of the loop parpendicular to the applied
field. If the i1nitial field is By then the change in magnetic field, 4B, can
te detsrmined by integrating Equation (1), namely,

1

AB(t) = B(t) =B = —

R ALJ_‘__ vit®)de (2)

III. Magnetic Field Measursments

A typical axampla of AB(t) is shown in Figure 4 for a proba situated 3 cm
from the target. The locp area was (2.0 & .4) =% 10"3 cm2 and ita surfacs
normal was oriented to within z 10° of the applied field direction. Here an
external 800 gauss field and an ambient hydrogen gas were pragent. A sudden
drop in the magnetic flesld occurs at about ldo nsec after the laser pulse.
The fall time in the field of about 20 nsac, corrasponding to a spatial width
of about 7 mm, ia not limited by the probe or scop: response time (.2 and 4
nsec, respectively). The accuracy of the probe me.sursments are limited to %
20% due to the uncertainty in the projected area of the loop and data
digitizing process,

Figure 5 shows a plot of ABmax versus lager energy taken with various
background pressurss and lassr energy conditions. Aam is the peak
compraessed field at tha location of the probe. The amblent presgurs for a
shot 1ls indicated by the number at =ach data point. There appears toc be a
weak ccaling of Aamax with laser energy when the probe is 1.5 cm frem the
target which is not cbhserved 3 cm from the target. The larger compressed

fields measured at I ¢m relative to those measured at 1.5 cm are consistent
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with an axpanding plasma having a magnetic Reynold'‘s number greatar than one.

The analysis should also take into acccunt +the presence of an azimuthal
self-generated magnetic field such as illustrated in Figure 6.6'7 This field
can result from the VnxVT thermoelectric source term. To get an estimate the
magnitude of the self-generatad field alone, the ex=ernal magnetic field was
removed and the probes were repositicned to cbiserve the azimuthal fields. The
measurad field was betweaen 100 and 200 gauss at 1.5 cm; no self-generated
fislds wers sesn by the probe 3 cm away above 20 gauss. Therefors, the self-
generated fields are smallar than the external field in our measurements.
Alse the probes were oriented to minimize the contribution of the self-

generated fields in the compression measurements.

IV, Magnetic Field Velocity and Shell Thickness Measurements

Measurements of the arrival time of the magnetic shell were compared with
data gathered from tine-of-flight charge collectora and time-cf-flight
spectroscopy of CVI debris ilons. An average shell velocity can be defined as
the distance to the probe divided by the elapsed time petween the x~-ray pulse
and the peak of the dB/dt signal peak as indicated in Figure 7. Similarly,
velocity measursments werae taken with charge time-of-flight detectors
situated 22 cm from tha targat and 45° from the laser axis. The CVI time-of-
flight spectroscopy was accomplished by means of a gpectrometer tuned to
3434 A which views the aexpansion regicn 1 com in front of the target surface,
as illustratad in Plgure 8; a time-resolving photomultiplier detector responds
to the arrival of CVI ions.

Table 1 comparss the velocities obtained from these three diagnostics,
They are all in general agrwement: but the magnatic measurements tend to give
slightly higher velocitiea. Also, the velocity measured with induction probes
appuars to slow down with distance from target, Thus, wa infer that the

compressed magnetic fiaeld appears to travel slightly ahead of the debris.?

Another interesting feature present Lln the data is that the magnetic
shell width increases as ocne movas away from the target, This thickneas ia
defined as tha FWHM polnts on the AB curve in Figure 4. OCne explanation for
this difference may be that the plaamas temperatures drops with distance,




causing the plasma to be more resistive; this would enhance the degree of

magnetic diffusion and, thaerefore, .ncrease the width of the magnetic shell.

' Conclusions

Magnetic field comprassicn and a magnetic depleted bubble have Leen
observed when a laser-generated plasma expands into a magnetized ionized
background gas. The compression increases with distance away <from the
target. In addition, the thickness of the compressed field is approximately 1l
cm at incident energies above 20 dJoules., However, 3 cm from the target this
thickness tends to increase with reduced laser energy on target. The
compreassed magnetic field travels with velocities equal to or slightly greater
than the debris veloccity.
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Fig. 1 — Magnetic field compression simulation experiment i
using laser irradiated targets in an extarnal magnetic field f
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i BY LENZ'S LAW THE INDUCED MAGNETIC FIELD BY THE

LOOP CURRENT OPPOSES THE CHANGE OF MAGNETIC |
l FLUX. THEREFORE A POSITIVE SIGNAL IS SEEN FOR CASE
(A) INITIALLY AS THE MAGNETIC FISLD ENTERS THE LOOP,
WHILE A NEGATIVE SIGNAL IS OBSERVED WHEN THE PROBE
IS ROTATED BY 180° (R).

SHOT #12864

Fig. 3 — Verfication on the presence of a magnetic field
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Fig. 4 — Measured temporal dependence of the magnetic field
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Fig. 7 — Magnetic bubble velocity determination
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01CY ATTN PHD JOHN P. MULLEN

AP WEAPONS LABORATORY

FIRTLAND AFT, NM 87117
Q1CY ATTN SUL
01CY ATTN CA ARTHUR H. GUENTHER
O1CY ATTN NTYCE 1LT. G. KRAJEL

AFTAC

BATRICK AFB, FL 32925
QLCY  ATTN TF/MAJ WILEY
0LCY ATTN TN

AIR FORCE AVIONICS LABORATORY

WRIGHT=PATITERSON AFB, OH 43433
01CY ATTN AAD WADE HUNT
O01CY ATTIN AAD ALLEN JOHNSON

DEPUTY CHIEF OF STAFY

RESEARCH, DEVELOPMENT, & ACQ

DEPARTMENT OF THE AIR FORCE

WASHINGTON, D.C. 20330
01CY ATTN AFRDQ

READQUARTERS

ELECTRONIC SYSTEMS DXVISION

DEPARTMENT OF THE AIR FORCE

HANSCOM AFB, MA 01731
0lCY ATIN J. DEAS

HEADQUARTERS
ELECTRONIC SYSTEM3 DIVISION/YSEA
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, HA 01732

QLCY ATIN YSEA
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HEADQUARTERS
ZLECTRONIC SYSTEMS DIVISION/DC
DEPARTMENT OF THE AIR FORCE
HANSCOM AFB, MA 01731

Ol0Y ATIN DCKC MAJ J.C. CLARK

COMMANDER
FOREIGN TECHNOLOGY DIVISION, AFSC
WRIGHT-PATTERSON AFB, OH 45432
0LCY ATTN NICD LIBRARY
01CY ATTN ETDP B. BALLARD

COMMANDER
ROME AIR DEVELOPMENT CENTER, AFSC
GRIFFISS AFB, NY 13441
01CY ATTN DOC LIBRARY/TSLD
QLCY ATTM QCSE V. COYNE

SAMSQ/52

BOST OFFLICE BOX 92960

WORLDWAY POSTAL CENTER

LOS ANGELES, CA 90009
(SPACE DEFENSE SYSTI3MS)
0LCY ATTN 352J

STRATEGIC AIR COMMAND/XPFS

OFFUTT AFB, NB 681113
OLCY ATIN ADWATE AJ BRUCE BAUER
OLCY  ATTY NRT
QlCY ATTM DOK CHIEF SCIENTIST

SAMSO/SK
P.0. BOX 92960
WORLDWAY POSTAL CENTER
LOS ANGELES, CA 90009
Q1CY ATIN SKA (SPACE COMM SYSTEMS)
M. CLAVIN

SAMSO/MN
NORTON AFS, CA 92409
(MINUTEMAN)

01CY ATTN MNNL

COMMANDER
ROME ALR DEVELOPMENT CENTER, AFSC
HANSCOM AFS, MA 01731

01CY AITN EEP A. LORENTZEN

DEPARTMENT OF ENERGY

LIBRARY ROOM G-042

WASHINGTON, D.C. 20343

OLCY ATTN DOC CON FOR A. LABOWITZ

DEPARTMENT OF ENERGY
ALBUQUERQUE OPERATIONS OFFICE
P.0. BOX 5400
ALBUQUERQUE, NM 87115
0lCY ATTN DOC CON FOR D. SHERWOQD

EG&G, INC.
LOS ALAMOS DIVISION
P.0. BOX 809
LOS ALAMOS, NM 83344
QlCY ATTN DOC CON FOR J. BREEDLOVE

UNIVERSITY OF CALIFORNIA

LAWRENCE LIVERMORE LABORATORY

P.0. BOX 808

LIVERMORE, CA 94530
0lCY AITN DOC CON POR TECH INFOQ DEPT
O1CY ATTN DOC CON FOR [~389 R. OTT
O1CY ATTN DOC CON FOR L-31 R. HAGER
OLCY ATTN DOC CON FOR L-46 ¥. SEWARD

LOS ALAMOS NATIONAL LABORATORY

P.Q. BOX 1663

LOS ALAMOS, MM 87345
QLCY¥ ATTH DOC CON FOR J. WOLCOTT
Q1CY ATTN DOC CON FOR R.F. TASCHEK
01CT ATTN DOC CON FOR E. JONES
QLCY ATTN DOC CON FOR J. MALIK
OLCY ATTY DOC CON FOR R. JEFFRIES
-01CY ATTM DOC CON FOR Jo ZINN
QlCY ATTH DOC CON FOR P, KEATON
OlCY ATTN DOC CON FOR D. WESTERVELT
OLCY ATTN D. SAPPENFLELD

SANDIA LABORATORIES
P.0. BOX $800
ALBUQUERQUE, NM 87113
01CY ATTN DOC CON FOR W. BROWN
OLCY ATTN DOC CON FOR A. TEORNBROUGK
OlCY ATTN DOC CON FOR T. WRIGHT
01CY ATTN DOC CON FOR D. DAHLGREN
O1CY ATTN DOC COM FOR 3141
O1CY ATTN DOC CON FOR SPACE PROJECT DIV

SANDIA LABORATORIES

LIVERMORE LABDORATORY

P.0. BOX 969

LIVERMORE, CA 94530
Q1CY ATTN DOC CON FOR B. MURPHEY
Q1CY ATIN DOC CON FOR T. COOK

OFFICE OF MILITARY APPLICATION
DEPARTMENT OF ENERGY
WASHINGTON, D.C. 20345

Q1CY ATTN DOC CON DR. YO SONG
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OTHER GOVERNMENT

DEPARTMENT C7 COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234
01CY (ALL CORRES: ATTN SEC OFFICER FOR)

INSTITUTE FOR TELZCOM SCIENCES
NATIONAL TELECOMMUNICATIONS & INFO ADMIN
BOULDER, €O 30303

OLCY ATTIN A. JEAN (UNCLASS ONLY)

01CY ATIN W. UTLAUT

01CY ATIN D. CROMBIE

01CY ATTY L. BERRY

NATIONAL OCEANIC & ATMOSPHERIC ADMIN
ENVIRONMENTAL RESEARCH LABORATORIZES
DEPARIMENT OF COMMERCE
BOULDER, CU 80302

01C7 ATTN R. GRUBS

OLCY ATTN AERONOMY LAB Gs REID

DEPARTMENT OF DETENSE CONTRACTNRS

AEROSPACE CORPORATION

P.0. 30X 92937

LOS ANGELES, ¢\ 90009
OLCY  ATTN I. GARFUNKEL
01C% ATTN T. SALMY
dLCY  ATTN V. JOSEPHSON
0LCY ATTN 3. BOWER
O0LCT ATTN D. OLSEN

ANALYTICAL 3SYSTEMS ENGIMNEERING CORP
5 OLD CONCORD ROAD
BURLINGTON, MA 01803

O1CY ATTN RADIO SCIENCES

AUSTIN RESEARCH ASS0C., INC.
1901 RUTLAND DRIVE
AUSTIN, TX 78738

0lCY ATTN L. SLOAN

01CY ATTN R. THOMPSON

BERKELEY JESEARCH ASSOCIATES, INC.
P.0. BOX 983
BERKELEY, CA 94701

01CY AITN J. WORKMAM

01CY ATTN C. PRETTIE

QLCY ATTN S. BRECHT
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BOELNG COMPANY, THE

P.0. BOX 3707

SEATTLE, WA 98124
0LCY ATTN G. KEI3TER
0LCY ATIN D. MURRAY
OLCY ATIN G. HALL
0lCY ATIN J. KENNWEY

CHARLES STARK NRAPER LASORATORY, INC.
555 TECKNOLOGY SQUARE
CAMBRIDGE, MA 02119

QLCY ATTN D.B, COX

0lCY ATTN J.P. GILMORE

COMSAT LABORATORIES

LINTHICUM ROAD

CLARKSRURG, 4D 20734
01CY ATTN G. HYDE

CORNELL UNIVERSITY
DEPARTMENT OF CLECTRICAL INGINEERING
ITHACA, NY L4880

0lcY AITN D.T. PFARLEY, JR.

ELECTROSPACE SYSTEMS, INC.
BOX 1339
RICRARDSON, TX 75080
. 01C%  ATTN R. LOGSTON
Q1CY  AITN SECURLTY (PAUL PHILLIPS)

EOS TECUNOLOGIES, INC.

606 Wilshire Blvd.

Santa Monica, Calif 90401
01CY ATTN C.B. GABBARD

ESL, INC.

495 JAVA DRIVE

SUNNYVALE, CA 94086
01€Y ATTN J. ROBERTS
0LCY ATTN JAMES MARSHALL

CENERAL ELECTRIC COMPANY
SPACE DIVISION
VALLEY FORGE 3SPACE CENTER
GODDARD BLVD KING OF PRUSSIA
P.0. ROX 8353
PHILADELPHIA, PA 19101
O1CY ATTH Y.H. BORTNER SPACE SCI LAB

GENERAL ILECIRIC COMPANY

P.0. BOX 1122

SYRACUSE, NY 13201
0LCY ATTN F. REIBERT
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GENERAL ELECTRIC TECH SERVICES CO., INC.
HMES
COURT STREET
SYRACUSE, NY 13201
OLCY  ATTN G. MILLMAN

GEOPHYSICAL INSTITUTE

UNIVERSITY OF ALASKA

FAIRBANKS, AK 99701
(ALL CLASS ATTN: SECURITY OFFICER)
0lCY ATIN T.N. DAVIS (UNCLASS ONLY)
01CY ATIN TECHNICAL LIBRARY
0LCY ATTN NEAL BROWN (UNCLASS ONLY)

GTY SYLVANIA, INC.
ELICTRONICS 3JYSTEMS GRP-ZASTERN DIV
77 A STREET
NEEDHAM, MA 02194
0LCY  ATIN DICK STEINHOF

HSS, INC.
2 ALFRED CIRCLE
BEDFORD, MA 01730
01CY ATTN DONALD HANSEN

ILLINOLS, UNIVERSITY OF

107 COBLE HALL

150, DAVENPORT HOUSE

CHAMPAIGY, IL 41820
(ALL CORRES ATTN DAN MCCLELLAND)
JLCY ATTN K. YEU

INSTITUTE FOR DEFENSE ANALYSES
1801 NO. BRAUREGARD STREET
ALEXANDRIA, VA 22311
0lCY ATIN J.M. AEIN
01CY ATTN ERNEST BAUER
01CY ATIN HANS WOLFARD
0lCY ATIN JOEL BENGSTON

INTL TEL & TELEGRAPH CORPORATION
500 WASHINGTON AVENUE
NUTLEY, NJ 07110

01CY ATTN TECHMICAL LIBRARY

JAYCOR
11011 TORREYANA ROAD
P.0, BOX 331354
SAN DIEGO, CA 92118
01CY ATIN J.L. SPERLING

JOHNS HOPKINS UNIVERSITT
APPLIED PHYSICS LABORATORY
JOHNS HOPKINS ROAD
LAUREL, 4D 20810
Q1CY ATTN DOCUMENT LIBRARIAN
01CY ATIN THOMAS POTEMRA
01CY ATIN JOHN DASSOULAS

KAMAN SCIENCES cowp

P.0. BUX 7463

COLORADO SPRINGS, CO 80933
QLCY ATTN T. MEAGHER

KAMAN TEMPO-CENTER FOR ADVANCED STUDIES
816 STATE STREET (P.0 DRAWER QQ)
SANTA BARBARA, CA 92102

01CY ATTN DASIAC

01CY ATIN WARREN 3. KNAPP

01CY  ATTH WILLIAM MCNAMARA

01CY ATIN 3. GAMBILL

LINKABIT CORP

10483 ROSELLE

SAN DIEGD, CA 92121
QLCY  ATTN IRWIN JACOBS

LOCKHEED MISSILES & $SPACE CO., LNC
B.0. 80X 504
SUNNYVALE, CA 94088

O0LCY  ATTH DJEPT 60~12

QLCY  ATIN D.R. CUURCHILL

LOCKHEED MISSILES & SPACE CO., INC.
3231 HANOVER STREET
PALO ALTO, CA 94304
OLCY ATTN MARTIN WALT DEPT 52-12
01CY ATTN W.L. TMHOF DEPT S52-12

01CT ATTN RICHARD G, JOHNSON DEPT 52-12

0LCY ATTN J.B. CLADIS DEPT 52~l2

MARTIN MARLETTA CORP
ORLANDO DIVISION
P.0. BOX 5837
ORLANDO, FL 22803
Q1CY ATTN R. HEFENER

M.L.T. LINCOLN LAUORATORY

P.0. BOX 73

LEXINGTON, MA 02173
OLCY ATTN DAVID M. TOWLE
01CY ATTN L. LOUGHLIN
0LCY ATTN U. CLARK
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MCDONNEL DOUGLAS CORPORATION
5301 BOLSA AVENUE
HUNTINGTON BEACH, CA 92647
OLCY ATTN N. HARRIS
‘-. OLCY ATTN J. MOULE
| OLCY ATTN GEORGE WROZ
: OLCY ATTN W. OLSON
;-} 01CY ATTN R.W. HALERIN
] ‘ 01CY ATTN TECHNICAL LIBRARY SERVIGES

WISSION RESEARCH CORPCRATION
733 STATE STREET
SANTA BARBARA, CA 93101
QLCY ATIM P. PISCHER
QLCY ATIN W.F. CREVIER
OLCY ATTN STEVEN L. GUTSCHE
01CY ATIN R. BOGUSCH
01CY AITN R. HENDRICK
01CY ATTN RALPE KIL3
QLCY ATTN DAVE SOWLE
0LCY ATTN P. PAJEN
01CY ATTH M. SCHEIBE
QLCT ATTN CONRAD L. LONGMIRE
0LCY ATIN B. WHITE

MISSION RESEARCH CORP.
1720 RANDOLEH ROAD, S.Z.
ALBUQUESQUE, NEW MEXICO 37106

01CY R. STELLINGWERF

OLC? Mu ALME

01CY (.. WRIGHT

MITRE CORPORATION, THE

P.0. BOX 208

BEDFORD, MA 01730
O0LCY ATTN JOKN MORGANSTERN
0LCY ATTN G.» HAADING
01CY ATTN C.E. CALLAHAN

MITRE CORP
WESTGATE RESEARCH PARK
1320 DOLLY MADISON OLVD
MCLEAN, VA 22101
O0LCY ATTH W. HALL
0LCY ATTN W. FOSTER

PACIFIC~SIZRRA RESEARCH CORP
12340 SANTA MONTCA BLVD.
LOS ANGELES, CA 90023

0l1CY ATTN E.C. FIELD, JR.
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PENNSYLVANTA STATE UNIVERSITY
IONOSPHERE RESEARCH LAB
318 ELECTRICAL ENGINZERING EAST
UNIVERSITY PARK, PA 16802

(NO CLASS TO THIS ADDRESS)

01CY ATTN IONOSPHERIC RESEARCH LAB

PHOTOMETRLICS, INC.
4 ARROW DRIVE
WOBURN, MA 0OL801
O1CY ATTH IRVING L. KOFSKY

PHYSICAL DYNAMICS, INC.
P.0. BOX 3027
BELLEWE, WA 98009

01CY ATTN E.J. PREMOUW

PHYSICAL DYNAMICS, INC.

P.O. BOX 10367

OARLAND, (A 94610
ATTN A. THOMSQN

R & D ASSOCIATES

P.0. BOX 9693

MARINA DEL REY, CA 90391
01CY ATTN FORREST GILMORE
01CY ATTN WILLIAM 3. WRIGHT, JR.
Q1CY ATTN ROBERT F. LELIVIER
Q1CY ATTN WILLIAM J. KARZAS
01CY ATTN H. ORY
OLCY ATTNW C. MACDONALD
01CY ATTN R. TURGO
01GY ATTN L. DeRAND
QLCY  ATIN W. TSAL

RAND CORPORATION, THE

1700 MAIN STREET

SANTA MONICA, CA 90406
Q1CY  ATTN CULLEN CRALN
01CY ATIN ED BEDROZIAN

RAYTHEON CO.
528 BOSTON POST ROAD
SUDBURY, MA 01776

D1CY ATTN BARBARA ADANMS

RIVERSIDE RESEARCH INSTITUTE
330 WEST 42nd STREET
NEW YORK, NY 10036

01CY ATTN VINCE TRAPANI
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SCIENCE APPLICATICHN3, ING.

1150 PROSPECT PLAZA

LA JOLLA, CA 92037
OLCY  ATTN LEVIS M. LINSON
QICY ATTN DANTEL A. HAMLIY
0LCY ATTN E. FRIEMAN
QLCY ATTN E.A. STRAKER
01CY ATTN CURTIS A. SHITH
QlCY ATTN JACK MCDOUGALL

SCIENCE APPLICAIIONS, INC
1710 GOQDRIDGE IR.
MCLEAN, VA 22102

ATTN: J. COCKAYNE

SRI INTERNATIONAL

333 RAVENSWOOD AVENUE

MENLC PARK, CA 94023
01CY ATTN DONALD NEILSON
01CT ATITN ALAN BUR.S
Q1Y ATIN G. SMITY
OLCY ATTIN R. T3UNODA
01CY ATTN DAVID A. JOHNSON
OQ1CY ATTN WALTER G. CHESNUT
91CY  ATTN CHARLES L. RINO
01CY ATTN WALTER IAYE
01CY  ATTY J. VICKREY
01CY ATTN RAY L. LEADABRAND
01CY  ATTN G. CARPENTER
Q1C%  ATTN G. PRICE
0167  ATTN R. LIVINGSTOM
01CY ATTY V. GONZALES
O0l1CY ATTN D. MCDANIEL

TECHNOLOGY INTERNATIONAL CORP
75 VIGGINS AVENUZ
BEDFORD, MA 01730

01CY ATTN W.P. BOQUIST

TOYON RESEARCH <O.

P.0. Box 6890

SANTA BARBARA, CA  §3111
01CY ATIN JOBN ISE, JR.
01CY ATTM JOEL GARBARIMO
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TRW DEFZNSE & SPACE SYS GROUP

ONE SPACE PARY

REDONDO 3EACH, CA 30278
0lCY ATTY R. X, PLEBUCH
01CY ATTY S. ALTSCHULER
O1CY ATTY D. GEE
0lCY ATTY D/ STACKWELL

SNTF/157%

VISIDYNE

SOUTH SEDFORD STREET

BURLINGTON, MASS 01803
01CY ATTY W. REIDY
QlCY ATTN J. CARPENTER
01CY ATIN C. HUMPHREY




